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APPENDIX A.6 BIOSCREEN EXAMPLES

Example 1. SWMU 66, Keesler AFB, Mississippi

= Input Data

= Fig.1 Source Map

< BIOSCREEN Modeling Summary

= Fig. 2 BIOSCREEN Input Data

= Fig. 3 BIOSCREEN Centerline Output
= Fig. 4 BIOSCREEN Array Output

Example 2: UST Site 870, Hill AFB, Utah

= [nput Data

< Fig.5 Source Map

< BIOSCREEN Modeling Summary

= Fig. 6 BIOSCREEN Input Data

= Fig. 7 BIOSCREEN Centerline Output
« Fig. 8 BIOSCREEN Array Output
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BIOSCREEN EXAMPLE 1

Keesler Air Force Base, SWMU 66, Mississippi

DATA TYPE Parameter Value Source of Data
Hydrogeology | = Hydraulic Conductivity: 1.1 x 102 (cm/sec) « Slug-tests results
= Hydraulic Gradient: 0.003 (ft/ft) = Static water level
« Porosity: 0.3 measurements
= Estimated
Dispersion Original:
= Longitudinal Dispersivity: 13.3 (ft) = Based on estimated plume
= Transverse Dispersivity: 1.3 (ft) length of 280 ft and
= Vertical Dispersivity: 0 (ft) Xu/Eckstein relationship
After Calibration: Based librati
- . - - tion to
= Longitudinal Dispersivity: 32.5 (ft) ased on calibra -
= Transverse Dispersivity: 3.25 (ft) plulrlne _Ier?gthh(Nobte th'sd's
= Vertical Dispersivity: 0 (ft) well within the observe

range for long. dispersivity;
see Fig. A.1in Appendix
A..3. Remember to convert
from feet to meters before
using the chart).

Adsorption = Retardation Factor: 1.0 « Calculated from
R = 1+Koc x foc x rb/n

« Soil Bulk Density rb: 1.7 (kg/L) = Estimated
- foc: 0.0057% = Lab analysis
= Koc: B: 38 T: 135 = Literature - use Koc = 38
E: 95 X: 240

Biodegradation| Electron Acceptor: 02 NO3 SO4 = Based on March 1995
Background Conc. (mg/L): 2.05 0.7 26.2 groundwater sampling
Minimum Conc. (mg/L): - 04 -0 - 38 program conducted by
Change in Conc. (mg/L): [ 1.65] [07] | 22.4' Groundwater Services, Inc.
Electron Acceptor: Fe CH4
Max. Conc. (mg/L): 36.1

7.4
Avg. Conc. (mg/L):

Note: Boxed values are
BIOSCREEN input values.

General = Modeled Area Length: 320 (ft) = Based on area of affected
= Modeled Area Width: 200 (ft) groundwater plume
« Simulation Time: 6 (yrs) = Steady-state flow
Source Data « Source Thickness: 10 (ft) = Based on geologic logs and
= Source Concentration: (See Figure 1) lumped BTEX monitoring
data
Actual Data Distance From Source (ft): 30 60 180 280 « Based on observed
BTEX Conc. (mg/L): 5.0 1.0 0.5 0.001 concentrations at site
OUTPUT Centerline Concentration: See Figure 3
Array Concentration: See Figure 4
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Affected
Groundwater
Zone

Affected _—

Soil Zone 1\

MW9-2 @
ND

Source Zone Assumptionn

MW9-5
0.001 ‘D

SCALE (ft.)
0 40 80

Actual Source Conc. Adjusted Model Source
Zone  Width (ft) in 1995 (mg/L) Conc. in 1989 (mg/L)
3 14 12 13.7
2 30 2.2 25
1 20 0.05 0.06
Note: Source conc. based on Geometric mean between
concentration isopleth contours.
LEGEND
) Monitoring well location
W Temporary cone penetrometer (CPT) piezometer location
0.003 Total BTEX detected in groundwater sample, mg/L
—1.0— BTEX concentration isopleth, mg/L, March 1995
ND No BTEX detected
&% Affected Soil Zone

BIOSCREEN SOURCE ZONE
ASSUMPTIONS

SWMU 66 Site, Keesler AFB, Mississippi

FIGURE 1
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BIOSCREEN Modeling Summary, Keesler Air Force Base, SWMU 66, Mississippi:

< BIOSCREEN was used to try to reproduce the movement of the plume from 1989 (the best
guess for when the release occurred) to 1995.

« The soluble mass in soil and NAPL was estimated by integrating BTEX soil concentrations
contours mapped as part of the site soil delineation program. An estimated 2000 Kg of BTEX
was estimated to be present at the site. This value represented a source half-life of 60 years
with the instantaneous reaction model (the first value shown in the source half-life box in
Figure 2), a relatively long half-life, so the 2000 Kg measured in 1995 was assumed to be
representative of 1989 conditions.

= The instantaneous reaction model was used as the primary model to try to reproduce the
plume length (~ 280 ft).

= Because a decaying source was used, the source concentration on the input screen (representing
concentrations 6 yrs ago) were adjusted so the source concentration on the centerline output
screen (representing concentrations now) were equal to 12 mg/L. Because the source decay
term is different for the first order decay and instantaneous reaction models, this simulation
focused on matching the instantaneous reaction model. The final result was a source
concentration of 13.68 mg/L in the center of the source zone (note on the centerline output the
source concentration is 12.021 mg/L).

= The initial run of the instantaneous reaction model indicated that the plume was too long.
This indicates that there is more mixing of hydrocarbon and electron acceptors at the site
than is predicted by the model. Therefore the longitudinal dispersivity was adjusted
upwards (more mixing) until BIOSCREEN matched the observed plume length. The final
longitudinal dispersivity was 32.5 ft.

= As acheck the first-order decay model was used with the BIOSCREEN default value of 2
yrs. This run greatly overestimated the plume length, so the amount of biodegradation was
increased by decreasing the solute half-life. A good match of the plume was reached with a
solute half-life of 0.15 years.

e As shown in Figure 3, BIOSCREEN matches the observed plume fairly well. The
instantaneous model is more accurate near the source while the first order decay model is
more accurate near the middle of the plume. Both models reproduce the actual plume
length relatively well.

= Asshown in Figure 4, the current plume is estimated to contain 7.8 kg of BTEX. BIOSCREEN
indicates that the plume under a no-degradation scenario would contain 126.3 kg BTEX. In
other words BIOSCREEN indicates that 94% of the BTEX mass that has left the source since
1989 has biodegraded.

= Most of the source mass postulated to be in place in 1989 is still there in 1996 (2000 kg vs. 1837
kg, or 92% left).

= The current plume contains 1.0 ac-ft of contaminated water, with 1.019 acre-ft/yr of water
being contaminated as it flows through the source. Because the plume is almost at steady
state, 1.019 ac-ft of water become contaminated per year with the same amount being
remediated every year due to in-situ biodegradation and other attenuation processes.
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BIOSCREEN Natural Attenuation Decision Support System [Kessier AFE Data Input Instructions:
Alr Force Center for Environmental Excellence Version 1.3 S 66 [ 1158 | 1. Entervalue directis...or
Run Narme Mar 2. Calculate by filling in qrey
1. HYDROGEOLOGY 5. GENERAL L 0.02 cells below (Ta restore
Seepage Welocity™ ] 1138 |(ft'w) Wodeled Area Length™ 320 |/ f_ - formulas, kit button below].
or ar Modeled Area Width* 200 |ff W ES:) “ariable® Data used directly in modal.
Hydraulic Conductivity K 11ED2 |(cmvsec)  Simulation Time™ B (i) * VYalue calcwlated by mods!
Hydraulic Gradient ! 0.003  |ffft) (Dont enter any datal.
Porosity n 03 |f 6. SOURCE DATA
Source Thickness in Sat.Zone®[ 10 | (/) Vertical Plane Sowrce: Look at Plume Cross-
2. DISPERSION Source Zones: Section and (nput Concentrations & Widths
Longitudinal Dispersivity™  aipha x 325 |(f) Width® (ft |Conc. (mqﬂ_j* N for Zomes 1, 2, and 3
Transverse Dispersivity™  alphay 33 |# 28 0057 i
Wertical Dispersivity™ alnha z 0.0 |y 30 2,503 ]
or P o 13.68 : = =
Estimated Plume Length  Lp 280 |(f)
3. ADSORPTION | see Help):
Retardation Factor® R 10 | Sgy_[ceHalﬂife*w fie) View of Plume Looking Down
or 'I‘ ar Saoluble Mass ar
Sail Bulk Density tho 1.7 | ke In HAPL, Sail 2000 kg Obsened Centeriine Concentrations at Monitoring Wells
Partition Coefficient Koe 38 LAk g) if Mo Data Leave Blank or Enter 0"
FractionOrganicCarbon foc 5. 70E05 |9 7. FIELD DATA FOR COMPARISON
Concentration (mg/L)
4. BIODEGRADATION Dist. from Source (ft)
1st Order Decay Coeft®  fambdaz 46E+0 |{per 1
or or 8. CHOOSE TYPE OF OUTPUT TO SEE:
Solute Half-Life i-half 015 |fivear] Recalculate This
ot Instantaneous Reaction Model RUN RUN ARRAY He,p Sheet
Delta Oxygen™ 0o 1.65  |{mg/l) CENTERLINE
Delta Mitrate® N3 07 |fmgt) Paste Example Dataset |
Observed Ferrous Iran® Fel+ 16.6  |{rmgfl) . .
04 24 Jmyy | SR TSt R TR O |
Observed Methane® CH4 BB |(mol) d L .

Figure 2. BIOSCREEN Input Screen. Keesler Air Force Base, Mississippi.
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DISSQOLVED HYDROCARBON CONCENTRATION ALONG PLUME CENTERLINE (mg/L at Z=0)

Distance from Source (ft)

TYPE OF MODEL 0 32 54 96 128 160 192 224 256 288 320
No Degradation| 13.544 B.575 52680 4581 4107 3.754 3.474 3.241 3.040 2.861 2.697
1st Order Decay| 13.544 317 1.186 0.485 0.205 0.090 0.040 0.ms 0.00s 0.004 0.002
Inst. Reaction|| 12.021 5463 4245 3.500 2860 2257 1.678 1.114 0.559 0.004 0.000
Figid Data from Site(| 12.000 5.000 1.000 0.500 0.0m
= st Oreier Decaly e [ nstattaneols Reaction e\ Dlejradiation Figld Data from Site
14,000

Concentration
& oo
oo
oo
a5 5

a 50 100 i50 200 250 300 350

Distance From Source (ft)

Time:

Calculate "

” Return to Recalculate This
Animation

6 Years
Input Sheet

Figure 3. Centerline Output. Keesler Air Force Base, Mississippi.
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DISSOLVED HYDROCARBON CONCENTRATIONS IN PLUME (mg/L at Z=0)

Transverse
Distance (ft) Distance from Source (it) Wodel to Display:
0 32 B 96 128 160 152 224 286 288 320 No Degradation
100 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 Mactel
50| 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
of 12.021 5,463 4.248 3.500 2.860 2257 1.675 1.114 0.559 0.004 0.000 1st Order Decay
-60)| 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 Madel
-100)  0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Instantaneous
Time: || 6 Years || Target Level: mofl Displayed hodel: ||Inst. Reaction

14.000

12.000

10.000

G000

5.000

4000

Concentration (mg/L)

2.000

Plot Al Data |

Flot Data = Targetl

Reaction Wads!

Filurme and Source Masses (Order-of-Wagnitude Accuracy)

Plume Mass if Mo Biodegradation] 1263 |{Kgl
- Actual Plume Mass{Kg}

= Plume Mass Removed by Biudeg{Kg}

(94 %)
Change in Electron Acceptor/Byproduct Masses:
Chygen Nitrate Iron If Sulfate  Methane
-13.3 5.7 +134.3 -1681.2 +53.4 £

Crriginal Mass In Source (Time =0 Years)| 20000  |ffg)
Mass in Source Mow (Time = BYears)| 18737 |Kgl

Current “olume of Groundwater in Plume 1.0 {ac-ft)
Flowrate of Ywater Through Source Zone|  1.018  |fac-ftix

Return to Input

Mass HELP r r Recalculate

Figure 4. Array Concentration Output. Keesler Air Force Base, Mississippi. EXAMPLE 2
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Hill Air Force Base, UST Site 870, Utah

DATA TYPE

Parameter

Value

Source

Hydrogeology

= Hydraulic Conductivity:
= Hydraulic Gradient:

8.05 x 107 (cm/sec)
0.048 (ft/ft)

= Slug-tests results
= Static water level

= Porosity: 0.25 measurements
= Estimated
Dispersion Original « Based on estimated plume
= Longitudinal Dispersivity: | 28.5 (ft) length of 1450 ft and Xu’s
. . dispersivity formula
= Transverse Dispersivity: 2.85 (ft) . .
. . Lo = Note: No calibration was
= Vertical Dispersivity: 0 (ft) necessary to match the
observed plume length.
Adsorption = Retardation Factor: 13 = Calculated from
R = 1+Koc x foc x rb/n
= Soil Bulk Density r b: 1.7 (kg/L) < Estimated
- foc: 0.08% = Lab analysis
« Koc: B: 38 T 135 = Literature - use Koc = 38
E: 95 X: 240
Biodegradation Electron Acceptor: 02 NO3 SO4 = Based on July 1994
Background Conc. (mg/L): 6.0 17.0 100 groundwater sampling
. program conducted by
Minimum Conc. (mg/L): -022 -0 - 0 Parsons Engineering
Change in Conc. (mg/L): | 5.78| | 17,o| 100 Science, Inc.
Electron Acceptor: Fe CH4
Max. Conc. (mg/L): 50.5 2.04

Avg. Conc. (mg/L):

Note: Boxed values are BIOSCREEN
input values.

General = Modeled Area Length: 1450 (ft) = Based on area of affected
= Modeled Area Width: 320 (ft) groundwater plume
= Simulation Time: 5 (yrs) = Steady-state flow

Source Data = Source Thickness: 10 (ft) = Based on geologic logs and

= Source Concentration:

(See Figure 5)

lumped BTEX monitoring
data

Actual Data Distance from Source (ft): 340 1080 1350 1420 < Based on observed
BTEX Conc. (mg/L): 8.0 1.0 002 0005 concentration contour at
site (see Figure 5)
OUTPUT Centerline Concentration: See Figure 7
Array Concentration: See Figure 8
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Source Zone Assumption | -

Source MW-3

Zone  Width (ft)  conc. (mg/L) 9.466

3 100 9.0 ] % —~] & w7

5 25 28 X ¢ <0.001
1 50 0.07 s
3.42

Note: Source conc. based on geometric mean
between concentration isopleth contours.

Affected
Soil Zone \

Affected
Groundwater
Zone

EPA-82-B

<0.001
EPA-82-F &
<0.001 EPA-82-A [ | o~
EPAB2E O <0.001 (EPA-82-P 02
<0.001
EPA-82-M
EPA-82-N M H 0020
0001 o M 14
-82- EPA-82-H
EPA-82-K <0001
oo <0.001
SCALE (ft.)
[
0 200 400
Source of Data: Wiedemeier et al., 1995b.
LEGEND

o ] BIOSCREEN SOURCE ZONE
®  Monitoring well location ASSUMPTIONS
m July 1994 Geoprobe sampling location

—8.6- BTEX concentration Isopleth, mg/L, July 1994

L]

727 Affected Soil Zone FIGURE 5

UST Site 870, Hill AFB, Utah
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BIOSCREEN Modeling Summary Hill Air Force Base, UST Site 870, Utah:

< BIOSCREEN was used to try to reproduce the movement of the plume.

= An infinite source was assumed to simplify the modeling scenario. The source was assumed to
be in the high concentration zone of the plume area (see Figure 5). Note that the zone of
affected soil was quite large; however much of the affected soil zone downgradient of the
source was relatively low concentration.

Two modeling approaches could be applied: 1) assuming the source zone is just downgradient
of the affected soil area (near well EPA-82-C) and ignoring the area upgradient of the this
point, and 2) modeling most of the plume with source near MW-1. Alternative 1 is
theoretically more accurate, as BIOSCREEN cannot account for the contributions from any
affected soil zone downgradient of the source. At the case of Hill AFB, however, it was
assumed that the contributions from this downgradient affected soil were relatively minor
and that the main process of interest was the length of the plume from the high-
concentration source zone. Therefore Alternative 2 was modeled, with the note that the
middle of the actual plume may actually have higher concentrations than would be
expected due to the contaminants in the downgradient affected soil zone.

= The instantaneous reaction model was used as the primary model to try to reproduce the
plume length (~ 280 ft) as shown in Figure 7.

< The initial run of the instantaneous reaction model reproduced the existing plume without
any need for calibration of dispersivity.

= As acheck the first-order decay model was used with the BIOSCREEN default value of 2
yrs. This run greatly overestimated the plume length, so the amount of biodegradation was
increased by decreasing the solute half-life. A half-life value of 0.1 years was required to
match the plume length, although the match in the middle in the plume was much poorer.

= As shown in Figure 7, BIOSCREEN matches the observed plume fairly well. The
instantaneous model is more accurate near the source while the first order decay model is
more accurate near the middle of the plume. Both models reproduce the actual plume
length relatively well.

= Asshown in Figure 8, the model was unable to calculate the mass balances. A quick
evaluation shows the reason: with a seepage velocity of 1609 ft/yr and a 5 year simulation
time, the undegraded plume should be over 8000 ft long. Because the mass balance is based
on a comparison of a complete undegraded plume vs. a degraded plume, a model area length
of 8000 ft would be required for BIOSCREEN to complete the mass balance calculation.
Therefore two runs would be needed to complete the simulation: 1) a run with a modeled
length of 1450 feet to calibrate and evalute the match to existing data, and 2) a run with a
modeled length of 8000 ft to do the mass balance. The results of the second run (change of
model area length from 1450 ft to 8000 ft) indicate that over 99% of the mass that has left
the source has biodegraded by the time groundwater has traveled 1450 ft.
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BIOSCREEN Natural Attenuation Decision Support System |~ AF8 Data Input Instructions:
Alr Force Center for Envivonmental Excelience lfersion 1.3 UST Site 870 [115] 1. Enter valve directls . or
Run Name A o 2. Calculate by filling in qrev
1. HYDROGEOLOGY 5. GENERAL L 0.0z cells below. (To restore
o . . .

Seepage Welocity Vs 16809.1 | fftier) Modeled Area Length P farmuizs, bt hutton below)].

or ar Modeled Area Width® 320 |(f) wi :@ “ariable® Data used directly in model,
Hydraulic Conductivity K 8.1E-03 |femisec)  Simulation Tirme™ 5 iy ¥ Value calcwlated by modeal
Hydraulic Gradient i 0.048 | [ffe'f) (Don't enter amy data).
Puorosity n 025 | 6. SOURCE DATA

Source Thickness in Sat.Zone™[ 10 | Werical Flane Source: Look at Plume Cross-

2 "DISPERSION Solrce Fones: Section and nput Concentrations & Widths
Longitudinal Dispersivity” aphex [ 285 |(ft) Width* (/) [Cone. {mgdl)* for Zones 1, 2, and 3
Transverse Dispersivity™  aiphay 29 |y P
“Wertical Dispersivity™ aipha T 0.0 |y

or o | H]
Estimated Plume Length Lg 1450 | (fH
3. ADSORPTION
Retardation Factor® R 1.2 | Wiew of Plume Looking Down

or o o
Soil Bulk Density rho 1.7 (kg InMAPL, Soil|  Infinite [{Kg) Ohserved Centerine Concentrations at Monitoring VWells
Partition Coefficient Koc 38 {LAkg) If ho Datz Leave Blank or Enter "Q"
FractionCrganicCarbon foc 8.00E-04|(- 7. FIELD DATA FOR COMPARISON

Caoncentration (mg/L)

4. BIODEGRADATION | Dist. from Source (ft)
Tst Order Decay Coeff™  ismees B.9E+0 |fper 1)

or P v 8. CHOOSE TYPE OF OUTPUT TO SEE:
Solute Half-Life t-half 0,10 |fiear Racalculate
or Instantaneous Reaction Mode RUN RUN ARRAY HEIp This Sheet
Delta Oxygen™ Do 578 |fmgfl) CENTERLINE
Delta Mitrate™ ek} 17 |{mg/l) Paste Example Dataset ‘
Observed Fe:ruus Iran Fel+ 113 |[{mgiL] View Output View Output Restare Farmulas for Vs
Delta Sulfate S04 100 | fmgL) . o !
Ohsarvad Mathane CHd 0414 |fmgl) Dispersivities, R, lambda, other

Figure 6. BIOSCREEN Input Screen. Hill Air Force Base, Utah.
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DISSOLVED HYDROCARBON CONCENTRATION ALONG PLUME CENTERLIMNE {mg/L at Z=0)

Distance from Sewrce ()
TYPE OF MODEL 0 145 280 435 550 725 g70 1015 1160 1305 1450
Ho Degradation| 9.000 5467 7456 5654 5.059 o624 2,250 4.940 4579 4.455 4 260
1st Order Decay|| 9.000 4344 1.964 0.905 0.424 0.201 0.095 0.047 0.023 0.011 0.003
Inst. Reaction|| 9.000 d.466 7.407 5350 3268 4.1392 3152 2168 1.245 0.383 0.000

Field Data frorp Sie | 9000 5.000 1.000 0.020 0.005
= st Drder Decay =+ Instantaneays Reaction —s— o Degradation g Fleld Data fram Site
10.000
=1 £.000
-é = 6000
iy °
al
B 4,000
S
2,000
[+ ]
D000 e e T T R T T T T TRl =TT
0 200 00 afld anad 100 1200 1400 1add
Dhistance From Sowrce (ff)
Time:
Ca_lcula?te || 5 Wegrs " Return to Recalculate This
Animation Input Zheet

Figure 7. Centerline Output. Hill Air Force Base, Utah.
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DISSOLVED HYDREO CARBON CONCENTRATIONS IN PLUME (gL at Z=0)

Transverse
Distance R) Distance from Source (R) Madle! ta Display:
0 145 280 435 250 723 570 1015 1160 1305 1430 Mo Degradation
160f  0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 Moghet
g0f 0.070 0.538 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0Off  9.000 5.4EE 7.407 E.350 5265 4192 3152 268 1.245 0.385 0.000 1st Civgder Decay
-80f 0.070 0.538 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 Machei
-160)] 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Instantaheons
Time: || 5 Years || Target Level: gL Dizplayed Model: ||Inst. Reaction || Reaction Mage)

Concentration {mg/L)

Flat All Dlata |
PmrDaa>ngm|

1015

TED ape

BPlupe and Sodree Wasses (Orderoi-Magaitnde Accuracy)

Plume Mazs if Mo Biodedgradation | Can't Calc. | fFa)
- &ctual Flume Mazs | Can't Calc. | (fg)

= Plume Mazs Remaoved by Elindeg(.r’(g)

Change in Electron AcceptorByproduct Mazses:
2xlgen Nitrate Jean Ir Fitate Methane
- - - - - K

Criginal Mass In Source (Time = 0 Years)|  Infinte | rAa)
hass in Source Mowe (Time = SY'earz)|  Infinte | /Ka)

Current “alume of Groundwater in Plume | Can't Calc. | fac-it)
Flowerate of Water Through Source Zone | Can't Calc. | fac-iftr)

Mass HELP I_ Return to Input | Recalculate

Figure 8. Array Concentration Output. Hill Air Force Base, Utah.
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